Abstract -The copolymerization of ethylene with propylene in the liquid propylene initiated by ansa -metallocenes of the C 1 symmetry, rac -[1-(9-η 5 -fluorenyl)-2-(5,6-cyclopenta-2-methyl-1-η 5 -indenyl)ethane]zirconium dichloride and rac -[1-(9-η 5 -fluorenyl)-2-(5,6-cyclopenta-2-methyl-1-η 5 -indenyl)ethane]hafnium dichloride, activated by methylaluminoxane has been studied. Triisobutylaluminum has been used as a cocatalyst. The propylene-ethylene copolymers thus prepared contain 5-60 mol % ethylene units. The reactivity ratios have been measured. In the case of the zirconocene-based catalyst, the molecular mass of the copolymers decreases with an increase in the content of ethylene units. The reverse situation is observed in the case of the hafnocenebased catalytic system. The copolymers are characterized by the low T g values (down to -45 ° C). Incorporation of a small amount of ethylene units (5 mol %) results in a rise in the elastomeric behavior of the polymers.
1 The discovery of highly efficient homogeneous catalytic systems based on metallocene complexes of the IVB group has broadened application areas of materials based on homo-and copolymers of α -olefins [1] [2] [3] [4] . Variation in the composition, structure, and symmetry of metallocenes makes it possible to control the stereospecificity of metallocene systems and to synthesize polyolefins of various microstructures. Owing to the uniformity of active sites, these catalysts allow one to prepare polymers with narrow molecular-mass distributions and compositionally homogeneous copolymers. The design of metallocene catalysts that provide primarily elastomeric PP with a rather high yield gave impetus to intense investigations in this area. Usually, macromolecules of elastomeric PP are composed of alternating stereoblocks of various structures or are built up of blocks of macromolecules of the same structure separated by regular stereo errors [5] [6] [7] [8] . Of special interest is the synthesis of elastomeric materials in the presence of metallocenes of the C 1 symmetry [9] [10] [11] [12] . The growth of polypropylene chains with these cata-lysts leads to the alternation of short isotactic sequences separated by individual stereo defects.
To widen the scope of elastomeric materials, the above polymers may be modified via copolymerization with olefins, primarily ethylene. As was shown in [13, 14] , the use of several ansa -metallocenes of the C 1 symmetry enables one to prepare not only random but also alternating propylene-ethylene copolymers.
The goal of this study was to gain insight into the effect of the type of metal in metallocenes of the C 1 symmetry, namely, rac -[1-(9-η 5 -Flu)-2-(5,6-C 5 H 5 -2-Me-1-η 5 -Ind)C 2 H 4 ]ZrCl 2 (MC-1) and rac -[1-(9-η 5 -Flu)-2-(5,6-C 5 H 5 -2-Me-1-η 5 -Ind)C 2 H 4 ]HfCl 2 (MC-2); their activation procedures; and conditions of propylene-ethylene copolymerization in the liquid monomer on the catalytic activity, reactivity ratios, microstructure, thermal behavior, and mechanical properties of the resulting polymers.
EXPERIMENTAL
Metallocenes MC-1 and MC-2 were synthesized as described in [10, 15] where Mt = Zr or Hf. Metallocenes were synthesized both via classical procedures accepted for experiments under an inert atmosphere and with the use of evacuated all-glass systems of Schlenk-type vessels. Solvents were dehydrated as described in [16] and distilled in the flow of argon.
Poly(methylaluminoxane) (MAO) received from Witco was used as 10% solution in toluene.
Triisobutylaluminum (TIBA) purchased from Aldrich was employed as received.
Propylene of polymerization grade was purchased from the Moscow Oil Refinery.
Ethylene used in copolymerization experiments was passed through columns filled with 4-Å molecular sieves.
The homopolymerization of propylene was conducted in an assembly equipped with a 0.4-l autoclave reactor in the mode of a complete filling of the reactor with the liquid monomer. Before experiments, the assembly was evacuated for 1 h at 60-70 ° C. In the polymerization of propylene, MAO or TIBA was first charged into the reactor filled with the liquid monomer and then a metallocene solution in MAO was loaded at the temperature of polymerization.
In the copolymerization of propylene with ethylene, two thirds of the reactor volume was filled with the liquid monomer with the aid of a graduated syringe and ethylene was fed. The pressure of ethylene changed from 0.5 to 13.2 atm above the pressure of propylene in the reactor. These values corresponded to a change in the concentration of ethylene in the liquid phase from 0.084 to 1.85 mol/l [17, 18] . Copolymerization was performed at a constant comonomer pressure at a temperature of 50 ° C and a propylene concentration of 11.8 mol/l. The pressure in the reactor was maintained constant in the course of experiments with an additional amount of ethylene.
The microstructure of PP and propylene-ethylene copolymers was studied by IR and 13 C NMR spectroscopy. The stereoregularity parameters were estimated from the ratio of intensities of absorption bands D 998 / D 973 (macrotacticity) as described in [19] . The fractions of propylene and ethylene in copolymers were calculated from the ratio of optical densities of absorption bands at 1380 and 730 (720) cm -1 . The 13 C NMR Mt Cl Cl , spectra of 5% copolymer solutions in o -dichlorobenzene were recorded at 120 ° C on a Bruker DPX-250 operating at 62.895 MHz. On the basis of the 13 C NMR spectra, the content of steric pentads, the dyad and triad distributions of comonomer units, the composition of copolymers, and the reactivity ratios were determined [20, 21] . The molecular-mass characteristics of PP and propylene-ethylene copolymers were determined at 145 ° C in o -dichlorobenzene with the aid of a Waters 150-C gel chromatograph equipped with a linear HT-µ -Styragel column.
The glass transition temperature was estimated by DTA on a DSC-30 instrument equipped with a TC-15 processor and the Mettler STAR SW 8.00 software. The samples were rapidly cooled to -150 ° C and then were heated to 40 ° C at a rate of 20 K/min.
X-ray studies were performed on a DRON-3M diffractometer operated in the transmission mode with the use of Cu K α radiation. The diffractometric measurements were conducted with an asymmetric quartz monochromator focusing on the primary X-ray beam. The diffraction picture was scanned in the range of diffraction angles 2 θ = 6°-36° with the scan step ∆ 2 θ = 0.04° and the accumulation time τ = 10 s. The diffractograms were processed with the Peak Fit ver. 4.0 program. The degree of crystallinity was measured with the use of X-ray amorphous PP.
Samples for mechanical testing were prepared by molding at a temperature of 190 ° C and a pressure of 150 atm; the pressurized samples were cooled to room temperature at a rate of 20 K/min. Irganox-1010 ( ~0.8 wt %) was added as a stabilizer to the nascent polymer. Tensile tests were performed with an Instron-1122 tensile machine using trowel-shaped samples with a cross-sectional area of 1.5 × 5 mm and a base length of 35 mm according to the following mode: stretching at a rate of 500 mm/min until a 3-fold extension was achieved, the reverse crosshead movement at a speed of 500 mm/min to the zero tensile strain, and the repeated stretching at a rate of 500 mm/min to the break point. Elasticity was characterized as the residual tensile strain ε 300 expressed in percent as
where L 1 is the final length of the sample after 300% elongation and L 0 is the initial length of the test sample. Table 1 summarizes the data on the homo-and copolymerization of propylene with ethylene carried out with MAO-activated catalytic systems based on MC-1 and MC-2. The copolymerization experiments were performed at 50 ° C.
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